We conducted a feasibility study of a 12-week walking intervention administered through an Interactive Voice Response (IVR) system and mobile phones. We also examined the added benefit of a human coach. Post-menopausal women (n ¼ 71) were given a daily-steps goal, which they monitored using a pedometer. Each day, they answered an automated call from the IVR system to their mobile phone and provided assessments of walking goals and mood. Every evening, they called the IVR system to report their steps, answered a brief questionnaire and received a message with a helpful hint. Participants took less time to complete a one-mile walk after the intervention, compared to baseline (0.77 min, SE ¼ 0.22, P , 0.001). In addition, a significant loss in body weight (0.93 kg, SE ¼ 0.31) and body-mass index (0.28 kg/m 2 , SE ¼ 0.11) were observed. The key psychometric measures of exercise goal setting (0.67 units, SE ¼ 0.12) and exercise planning (0.48 units, SE ¼ 0.09) also improved from baseline (both P , 0.001). However, results in the coach and no-coach conditions were not significantly different. The study suggests that mobile phones can be used to deliver an effective, low-cost walking intervention, irrespective of the addition of a human coach.
Introduction
Walking for exercise offers a number of health benefits, including better cardiovascular health and a lower risk of diabetes and certain types of cancer. 1 Brisk walking for 15 -30 min per day has been associated with an 18% reduction in breast cancer risk among post-menopausal women. 2 In addition, walking can reduce obesity and waist and hip circumference, which are known predictors of breast cancer risk among post-menopausal women. 3, 4 A systematic review found that self-monitoring with a pedometer increases physical activity and is associated with a decrease in body-mass index (BMI) and blood pressure. 5 We conducted a feasibility study of self-monitoring with a pedometer administered through an Interactive Voice Response (IVR) system and mobile phones. In addition, we examined the added benefit of a human coach. The primary outcome was the change in time taken to complete a one-mile walk. We also measured changes in anthropometrics, psychometrics and the benefits of a health coach.
Methods
The study was approved by the appropriate ethics committee. Data collection took place between January 2008 and March 2009. Participants were recruited through publicity via the local television and radio stations, and advertisements in a newsletter to faculty and staff. The inclusion criteria were a BMI of 25-40 kg/m 2 , post-menopausal status, access to a mobile phone during the intervention, willingness to walk at least 30 min per day and a letter from a primary care doctor stating that the participant could enrol in a walking intervention. Women were excluded if they were 75 years or older, if they were currently enrolled in a weight management plan like Weight Watchers, already engaged in planned walking of at least 30 min per day, taking hormone replacement therapy during the three months prior to screening, or unable to complete a one-mile walk.
Measures
Psychological measures were administered at baseline and post-intervention. The measures included exercise goal setting, 6 exercise planning, 6 exercise thoughts and barriers, 7 social support from family and friends 8 and self-efficacy. 9 Waist and hip measurements were obtained by taking the average of three measurements at each visit. The procedure for the one-mile walk was adapted from an established protocol.
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The exercise goal-setting questionnaire (Cronbach's alpha pre ¼ 0.93, post ¼ 0.92) was made up of 10 items (e.g. if I do not reach an exercise goal, I analyse what went wrong) that were rated on a five-point scale (1 ¼ does not describe, 5 ¼ completely describes). Exercise planning (Cronbach's alpha pre ¼ 0.80, post ¼ 0.83) also consisted of 10 items (e.g. I schedule my exercise at specific times each week) rated on the same five-point scale. Exercise thoughts and barriers (Cronbach's alpha pre ¼ 0.91, post ¼ 0.91) consisted of 25 exercise-related negative thoughts (e.g. I am too tired to exercise), which were rated on a five-point scale (1 ¼ not at all, 5 ¼ all the time).
Social support was assessed separately for family (Cronbach's alpha pre ¼ 0.87, post ¼ 0.89) and friends (Cronbach's alpha pre ¼ 0.87, post ¼ 0.85). The scale consisted of 13 items (e.g. offered to exercise with me), which were rated on a five-point scale (1 ¼ none, 5 ¼ very often). Self-efficacy was rated on a 0-100% scale (0% ¼ cannot do it at all, 100% ¼ certain that I can do it) and included 15 items (e.g. I could walk when my schedule is hectic) (Cronbach's alpha pre ¼ 0.95, post ¼ 0.85). In addition to this self-efficacy measure, an item was added to address self-efficacy for achieving the CDC recommended target (I believe I could walk 5 or more days per week for at least 30 minutes per day over the next 3 months), which also was rated on a 0 to 100% confidence scale.
Daily messages
Although the intervention was based on goal-setting theory, 11, 12 relevant constructs from Social Cognitive Theory, 13 Problem-Solving Theory 14 and the Transtheoretical model 15 were included. For example, the importance of physical and psychological readiness, and benefits and barriers were addressed as part of the Transtheoretical model. Enactive mastery, self-efficacy, modelling through social comparison approaches, and understanding of physiological arousal were among the constructs from Social Cognitive Theory that were included. Various aspects of goal setting, such as setting concrete and achievable goals, self-monitoring and self-regulation, were addressed as well. Also, concepts from problem-solving theory, such as identifying problems, developing solutions, implementing and evaluating solutions were offered. A messaging theme was created for each of the 12 weeks (e.g. outcome expectancies, increasing knowledge and awareness, self-monitoring, awareness of barriers, coping with negative thoughts, problem-solving, goal setting and social support) and the daily messages contributed to the weekly theme. The daily message was 15 -30 s in duration and reinforced the weekly theme. Messages began with a 'Did you know' opening and ended with a tip to help participants internalize the concept and apply it to everyday life.
IVR system
After the baseline visit, the participants interacted only via the telephone and IVR system. Two daily telephone interactions with the IVR system were scheduled. The IVR system called the participant's mobile phone between 07:00 and 17:00, during a two-hour period identified by the participant. To minimize disruption during working hours, this call was limited to three questions: an assessment of whether the participant had walked or planned to walk that day, the participant's self-efficacy to achieve the steps goal for the day and a general enquiry about whether the participant was having a good or bad day. In addition, participants called the IVR system every evening to enter their daily step count from the pedometer and receive an intervention message. During the call, they provided an assessment of self-efficacy for walking the following day, an assessment of the present day and satisfaction with their walking plan for that day. Participants could use their mobile phone or a landline for the evening call.
Procedure
After passing the screener, an appointment was made with potential participants for a visit to a gymnasium for the one-mile walk. When the participant arrived, the letter from their primary physician was collected and the participant was asked for written consent. During the next two weeks, the participants visited a clinical research facility for measurement of height, weight, waist and hip circumference, resting pulse rate, resting blood pressure and a blood sample. At this visit, the baseline assessment was conducted. At the end of this visit, participants were stratified by BMI and randomized to the coach or no-coach condition.
Coach condition
Participants assigned to the coach condition were introduced to the coach by the study facilitator. The coach was trained by the study team to offer a lifestyle intervention. She explained the intervention and offered the steps goal for the first week after reviewing the participant's baseline physical activity and time taken to complete the one-mile walk. Then the coach trained the participant to use the pedometer and the IVR system, and identified herself as the person who would offer support during the intervention. To receive help from the coach, participants were asked to call the IVR system and leave a message for her. 
No-coach condition
Instructions and training in the no-coach condition were similar to the coach condition and offered by the same individual, but with two exceptions: (1) the individual did not identify herself as the coach and (2) participants were not informed that they had access to a coach. However, in both conditions participants had access to the same technical support for problems with the IVR system or the pedometer. Thus the subjects in the no-coach condition interacted only with the IVR system, while those in the coach condition interacted with the IVR system and had the option of interacting with the coach, though interactions were not required.
Walking programme
After the baseline visit, participants began a 12-week walking programme. During this period, they were given a daily-steps goal and wore a pedometer to monitor their steps. The goals were gradually increased each week until the 10,000 steps/day goal was reached. Participants registered their daily steps by calling the IVR system and entering the number of steps using their telephone. At the end of this call, the IVR system played the daily message.
Each week, a bar chart summarizing the number of steps from the preceding seven days was sent by email or post to the participant. A brief message of reinforcement or encouragement was added to the summary chart and the goal for the following week was mentioned. In addition, a printout of the daily messages heard during the week was attached and the participant was encouraged to review the messages. At the end of the walking programme, all participants were offered a week-by-week summary of steps and asked to schedule the one-mile walk and a clinic visit for post-intervention assessments.
Data analysis
Primary and secondary outcomes were examined using linear mixed models with fixed effects for the intervention arm (coach, no-coach), time ( pre, post) and an intervention-by-time interaction and with an unstructured covariance matrix to model within-subject correlations. To achieve a normal distribution, some of the psychometric measures were transformed for hypothesis testing, but the means and standard errors reported for these variables are on the original scale and are model-based estimates. The intention-to-treat analysis included all participants who were randomized.
In a few instances, some of the post-test measures were completed more than 30 days after the end of the intervention and these were treated as missing values. Effect sizes were assessed using Cohen's d, i.e. the absolute mean difference between baseline and post-intervention was divided by the SD at baseline. 16 To control for type-I error across outcomes, Holm's method was used to generate corrected P values. 17 No correction was applied to the time taken to complete the one-mile walk, which was the primary outcome measure. Separate type-I error control was applied to the anthropometric and psychological measures to adjust for multiple tests.
Results
In all, 259 potential participants were screened and 85 passed the eligibility criteria (Figure 1 ). Participants were stratified by two levels of BMI (25 -30; .30 kg/m 2 ), resulting in 37% of the participants in the lower BMI group and 63% in the higher BMI group. Randomization by BMI was similar for the coach and no-coach conditions. Among the 71 participants who were randomized, 93% were White. The average age was 57 years and the average BMI was 31.5 kg/m 2 . More than half of the participants reported an annual household income greater than $75,000, 70% were married and 75% had a college degree (see Table 1 ).
After randomization, nine subjects (13%) withdrew due to injury or for other personal reasons, 23 (32%) did not complete all the post-test assessments within 30 days after the end of the walking intervention and 39 (55%) completed all the post-assessments. Withdrawal, attrition and retention rates were not significantly different between treatment arms.
Over the 12-week (84 day) intervention, participants completed 66% of the calls to the IVR system and answered 51% of the calls from the IVR system. No differences by Table 2 . The effect size was approximately 0.80 for changes in goal setting, exercise planning and managing negative thoughts, which is a large effect by the standards of the social sciences. 16 Likewise, the drop in self-efficacy for CDC-recommended level of walking was 0.70. The effect size for the key behavioural outcome, the improvement in the time taken to complete the one-mile walk, was a medium-size effect with a Cohen's d of 0.40. The effect sizes of the anthropometric measures of weight, BMI and waist, were small, with Cohen's d ranging from 0.07 to 0.14. The changes in psychometrics were not significantly different between treatment conditions. Although the intervention addressed social support, it did not have a significant effect on self-reported social support from family (P ¼ 0.051) or friends (P ¼ 0.102). Also, the expected change in self-efficacy was not apparent. Furthermore, self-efficacy for the CDC-recommendations declined from pre-intervention to post (1.23 units, SE ¼ 0.43), which was in the opposite direction of the intended effect.
Effect of coaching
There was no difference in the time to complete the one-mile walk between those coached and those not coached. The effect of the coach treatment was not significant for any of the other outcomes with the exception of the hip measurement. The treatment-by-time interaction for hip measurement was significant, with an improvement in the coach condition (2.09 cm, SE ¼ 0.58), but not in the no-coach condition (0.33 cm, SE ¼ 0.62).
Discussion
The purpose of the present study was to examine the effectiveness of an intervention administered via IVR and mobile phones, and the added benefit of a human coach. The intervention reduced the time taken to complete a Includes those who completed the walking intervention, but did not return for one or more of the post-assessments within 30 days of the end of the intervention one-mile walk, the primary outcome of interest. Positive effects also were found for body weight, BMI and waist circumference, although the effect sizes were small. Larger effects were found for psychological outcomes, such as goal-setting, exercise planning and negative thoughts about exercise, which were specifically targeted in the intervention. The addition of a human coach did not have a significant effect. The findings add to the evidence that the telephone is an effective method of promoting physical activity. 18 Most telephone-based interventions have relied on calls made by research staff or practitioners, usually at least once a week, in conjunction with other delivery mechanisms, such as face-to-face sessions or print materials. One of the exceptions is an intervention that required weekly interactions with an IVR system. 19 Our study required two brief interactions per day with the IVR system over a 12-week period, which demonstrates that frequent, albeit brief, interactions using mobile technology for health interventions are feasible. Such long-term interventions may be important in maintaining behaviour change in the long term. A disappointing result was the absence of a difference between the coach and no-coach conditions. Participants rarely called the coach and when they called it was mainly about technical problems with the equipment. The lack of an effect for human interactions has been documented in other studies, including a weight-loss study in which faceto-face meetings did not improve the outcomes from a technology intervention. 20 In the present study, the intervention did not have a positive effect on self-efficacy or social support. Other methods, such as pairing up friends or recruiting walking buddies, might have had a stronger effect on social support. Also, a concerted effort to bolster self-efficacy at different stages could have been more effective.
The drop in self-efficacy for achieving the CDC-recommended level of physical activity requires explanation. Perhaps participants thought they could achieve the CDC-recommendation of 30 min of exercise on five or more days of a week when they began the intervention. After trying for 12 weeks, however, they may have realized that the target was difficult to achieve, given the competing demands of everyday life. The erosion in confidence might be the result of bad experiences or a more realistic belief about capabilities as suggested by Linde and colleagues, 21 who also reported a decrease in self-efficacy after a weight management intervention. Finally, the intervention yielded a small but significant change in BMI and waist circumference. These are known risk factors for breast cancer among postmenopausal women. 3 However, further work with a larger sample and more specific cancer biomarkers is required. The small sample size, lack of diversity amongst the participants and the lack of a true control group were some of the limitations of the present study. Also, a drop-out rate of 45% is high, although high dropout rates are not unusual in physical activity interventions. 22 Another limitation was the reliance on voice messages without the option of text messages and the lack of options for using the Internet. Moreover, the messages were not tailored and participants could not seek out additional information. Furthermore, although the messages were informative and based on relevant psychosocial theories, they did not evoke strong emotions. Reinforcing informative messages through first-person testimonial accounts deserves investigation in the future. Despite these limitations, the study demonstrated the potential for using mobile technologies to deliver a low-cost walking intervention that offered significant improvements in related anthropometric and psychometric measures.
